1. Small doses (1-10,ug) of colchicine injected into the ventral horn of the spinal cord of the chicken caused paralysis in the legs. 2. Colchicine had no effect on the incorporation of leucine into proteins of the spinal cord but markedly decreased the total amount of protein flowing into the axons of the sciatic nerve. 3. This axonal flow of protein proceeded at two rates: a high rate (300mm/day) and a low rate (2 mm/day). Although both groups ofproteins were affected, the slow transport of protein was more profoundly blocked by colchicine. 4. The results suggest that axonal flow is dependent on the neurotubular system in the axon.
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The phenomenon of the transport of protein along nerve axons and some other intracellular components has been well established over the past 20 years (see Weiss & Hiscoe, 1948;  Miani, 1960; Droz & Leblond, 1963; Lubinska, 1964;  Austin, Bray & Young, 1966; Ochs, Johnson & Ng, 1967; Bray & Austin, 1968) , but little is known about its ultrastructural basis and physiological significance.
It has been shown that the transport of protein in axons occurs at two distinct rates (McEwen & Grafstein, 1968; Bray & Austin, 1969) . In the chicken sciatic nerve (Bray & Austin, 1969 ) one group of proteins, which disperses as it moves down the nerve, travels at a rate of 200-300mm/day; another group moves distally down the nerve at a rate of 1-2mm/day. It has been suggested that the low rate of transport represents the growth of continuous structural elements such as neurotubules and neurofilaments, whereas the high rate of transport may be equated with the movement of mobile organelles (McEwen & Grafstein, 1968; Bray & Austin, 1969) . Radioautographic electron-microscopy studies (Droz, 1966) support this hypothesis, since they suggest that the slowly transported protein appears to be associated with the neurotubules and neurofilaments.
The movement of organelles has also been studied in non-neural tissues. Cytoplasmic filaments in rat fibroblasts in tissue culture have an overall movement of 0.4mm/day, but granular organelles, including mitochondria, move more rapidly at rates of up to 500mm/day (Buckley & Porter, 1967) . Organelles in neurons in tissue culture also move through the cytoplasm at high rates (Geiger, 1963; Pomerat, Hendelman, Raibom & Massey, 1967 Dahistrom & Haggendal (1967) and Livett, Geffen & Austin (1968) have both demonstrated the rapid transport in vivo of either catecholamine-storage granules or noradrenaline and protein within sympathetic nerves.
Colchicine is known to interfere with a number of cellular processes dependent on cytoplasmic microtubules (Tilney, 1968; Rosenbaum & Carlson, 1969) , and to produce characteristic deformations of neurotubular and neurofilamentous structures in the central and peripheral nervous system (Wisniewski & Terry, 1967; Wisniewski, Shelanski & Terry, 1968) . When applied locally to adrenergic axons colchicine causes an accumulation ofcatecholamine-storage granules, thought to be due to inhibition of the fast-transport mechanism (Dahlstrom, 1968) . Karlsson & Sjostrand (1969) reported some preliminary investigations on the effect of colchicine on the axonal transport of protein in the optic nerve and tract of the rabbit. They concluded that colchicine causes a more complete inhibition of the rapid transport of protein than of the slow transport. Kreutzberg (1969) has shown that, when colchicine is injected under the perineurium of the rat sciatic nerve, the transport of acetylcholinesterase is interrupted whereas the transport of the mitochondrial enzyme, lipoamide dehydrogenase, is not affected.
The aim of this work was to determine the effect of colchicine in vivo on the rapid and slow components of the axonal transport of protein in the chicken. The results are discussed in relation to the ultrastructural basis of axonal flow.
MATERIALS AND METHODS
Chemicals. L-[U-14C]Leucine (specific radioactivity 311mCi/mmol) was purchased from The Radiochemical Centre, Amersham, Bucks., U.K. Method8. Chickens were anaesthetized with sodium pentobarbitone by administration through a cannula into a wing vein. The lumbar region of the spinal cord was exposed and colchicine was injected into the ventral horn in the region of the motor neurons whose axons pass into the sciatic nerve as described by Bray & Austin (1968) .
Doses of 1, 3 or 0l,g of colchicine in 8,iu of 0.9% NaCl were used. Control chickens were injected with 8,u of 0.9% NaCl only. The animals were allowed to recover and after a further 72h the spinal cord was re-exposed and either 5,uCi of [14C]leucine in 6pIu of saline (shortterm experiments) or 4,Ci in 5sJl of saline (long-term experiments) was injected into the same region previously injected with colchicine. The chickens were killed by an overdose of anaesthetic, either 5h (short-term experiments) or 14 days (long-term experiments) after injection of the labelled amino acid, and both sciatic nerves, together with a portion of the spinal cord from the site of injection, were removed. The nerves were cut into 1 cm or 2 cm segments and these, together with pieces of cord, were stored at -200C.
Determination of protein-bound radioactivity. Each piece of nerve or spinal cord was frozen in liquid nitrogen and finely crushed as described by Austin et al. (1966) .
The crushed powder was extracted to remove acidsoluble material, lipids and nucleic acids (Bray & Austin, 1968) , except that lipids were extracted with 90% (v/v) ethanol containing sodium acetate (2%, w/v) followed by ethanol-ether-chloroform (2:2:1, by vol.). The protein residue was air-dried for 15min and dissolved in formamide by heating at 1200C for 2h. Portions were transferred to scintillation vials, 10 ml of 'aqueous' scintillation fluid (Bruno & Christian, 1961) Lowry, Rosebrough, Farr & Randall (1951) with dried bovine serum albumin as standard.
RESULTS
Gross effects of colchicine. Within 24h of injection of colchicine into the lumbar region of the spinal cord the chickens showed signs of ataxia. The degree of ataxia was difficult to estimate in the early stages as some control chickens showed transient unsteadiness in the legs, presumably as a result of the injections into the spinal cord. Chickens dosed with 10,g of colchicine showed pronounced signs of paraparesis at 48h, and by 72h were completely paralysed and remained so for the duration of the experiment. Differences between Table 2 show that colchicine decreased the amount of labelled protein along the nerve, although, as emphasized by the adjusted results, a small but clearly defined peak of labelled protein was retained 1-2cm distal to the spinal cord after injection of 1 g of colchicine. By contrast the peak was abolished after injection of 3 or 10,ug of colchicine and a gradient of labelled protein occurred along the nerve.
Effect of colchicine on total protein-bound radioactivity in sciatic nerve. Total protein-bound radioactivity in the nerve was obtained by summing the radioactivity in the protein of the individual segments. The results, presented in Table 3 , show that colchicine decreased the total protein-bound radioactivity in both types of axonal flow. The effect was more pronounced on the slow transport of protein, where the percentages of the control, for a given dose of colchicine, were 20-36% of the effect on the fast transport.
Effect of colchicine on protein-bound radioactivity in chicken 8pinal cord. Protein from the pieces of spinal cord taken from the injected area was extracted and the specific radioactivity determined. The results, presented in Table 4 , show that colchicine had no marked effect on the incorporation (Karlsson & Sjostrand, 1969) .
The finding that colchicine affects both slow and rapid transport of protein means that some modification of the suggestion that slow protein transport reflects the outgrowth of neurotubules into the axon may be necessary. It appears that the two transport systems may be intimately linked to each other and are not separate processes as was first envisaged. The results presented here are in accord with the hypothesis of Schmitt (1968) , who has suggested that neurotubules and neurofilaments mediate the fast transport by a process of mechanocoupling.
Although it is generally accepted that colchicine forms a non-covalent bond with microtubule protein in vitro, the exact nature of the cytological lesions caused by the administration of this compound in vivo remains to be defined. Colchicine may cause the depolymerization of microtubules or alternatively prevent the polymerization from the subunits, although Stephens (1968) 
